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(54) Title: RADIATION-EMITTING SEMICONDUCTOR DIODE. AND METHOD OF MANUFACTTURING SAME 

(57) Abstract 

The invention relates to a 
radiation-emitting semiconductor 
diode in the InGaP/InAIGaP ma- 
terial system having a barrier (4A) 
for charge carriers situated be- 
tween the active layer (2) and one 
of the cladding layers (1,3). Such 
a diode has an emission wave- 
length between 0,6 and 0.7 /im 
and is particularly suitable, when 
constructed as a diode laser, for 
serving as a radiation source in. 
for example, a system for read- 
ing and/or writing of optical discs, 
also because of an increased ef- 
ficiency. A disadvantage of the 
known diode is that it is still in- 
sufficiently capable of providing 
a high optical power, and that it 
cannot be manufactured with a 
high yield and a satisfactory re- 
producibility. In a diode accord- 
ing to the invention, the barrier 
(4A) comprises only a single bar- 
rier layer (4) of AlP. Such a diode 

is found to have a surprisingly high efficiency as well as a particulariy long useful life. The efficiency of the diode is approximately 30 
% higher than thai of a comparable diode without a barrier layer (4). The life of a diode according to the invention is very long, for 
example. 4,000 hours. Since the problem of controlling the composition of the barrier layer (4) is nonexistent in providing the AlP. the 
diode according to the invention can be manufactured wjth a good reproducibility and high yield. The AIP barrier layer (4) preferably has 
a thickness smaller than 5 nm. for example 2.5 nm. It is highly suprising that such a very small thickness of the barrier layer (4) is still 
accompanied by an excellent effectiveness as a barrier (4A). 
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Radiation-emitting semiconductor diode, and method of manufacturing same. 



The invention relates to a radiation-emitting semiconductor diode, in 
particular a semiconductor diode laser which will be called mostly diode hereinafter for 
short, with a semiconductor body comprising a substrate of a first conductivity type and 
preferably made of GslAs and with a semiconductor layer structure situated thereon and 
5 comprising at least a first cladding layer of the first conductivity type and made of InAIGaP 
or InAlP, a second cladding layer of a second conductivity type opposed to the first and also 
made of InAIGaP or InAlP, and between the first and second cladding layers an active layer 
of InGaP or InAIGaP and a pn junction which, given a sufficient current strength in the 
forward direction, is capable of generating electromagnetic radiation through recombination 
10 of charge carriers in a strip-shaped active region forming part of the active layer, the first 
and the second cladding layer being connected to connection conductors, while a barrier for 
the charge carriers is present between the active layer and the first or second cladding layer, 
which barrier has a greater bandgap than the first or second cladding layer. The invention 
also relates to a method of manufacturing such a diode. 
15 Such a diode emits between 0.6 and 0.7 fim and is suitable as a laser inter 

alia for use as a radiation source in a system for optical discs which can be read and/or 
written, in a laser printer, or a bar code reader. 

Such a diode is known from USP 5,274,656 published 28th December 
1993. The diode known from this document comprises a barrier for charge carriers formed 
by an InAIGaP or InAlP layer situated between the active layer and a cladding layer. In 
addition, according to the cited document, the barrier may comprise a MQB (= Multi 
Quantum Barrier) layer structure with alternating quantum well layers and barrier layers. A 
possible thickness for the charge carrier barrier is indicated as lying between 5 and 10 nm. 
The barrier is such that the (radiation) beam of the diode reaches from the active layer 
through the barrier into the cladding layer. The combination of such a barrier having a great 
bandgap with a cladding layer having a small bandgap has the following purposes: on the one 
hand a good confinement of the charge carriers in the active layer owing to the great 
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small distance from the barrier to the active layer. It was indeed found experimentally that a 
diode according to the invention has a surprisingly long life. The excellent effectivity of a 
barrier having such a small thickness, for example a thickness of approximately 2.5 nm, is 
also very surprising because it is generally assumed that a barrier must have a thickness 

5 greater than 10 nm in the case of electrons and greater than 5 nm in the case of holes for 
preventing the relevant charge carriers from tunneling through the barrier, cf. for example 
EPA 0,540,799 published 12-5-1993, especially p. 7, 11. 1-16. 

Although a barrier may be present on both sides of the active layer, which 
barriers will then each comprise only a single barrier layer according to the invention, a 

10 diode according to the invention preferably comprises a barrier of a single barrier layer only 
between the active layer and that cladding layer which is of the p-conductivity type. It was 
found that an additional barrier between the active layer and the n-type cladding layer 
substantially does not contribute to an increase in the efficiency. To minimize the tension in 
the diode, and thus to increase its life, the latter barrier is preferably omitted. 

15 In a very favorable modification, the barrier layer is present within a 

distance from the active layer which is equal to the diffusion length of the charge carrier. 
The barrier will be effective when this is the case. This means, for example, that a barrier 
layer present between the active layer and the p-type cladding layer should be at a distance of 
less than 40 nm from the active layer. Preferably, the barrier layer lies at the interface 

20 between the active layer and a cladding layer. It is also possible, however, for the barrier 
layer to lie (jusi) within a cladding layer or separate confinement layer. 

Preferably, the active layer of a diode according to the invention has a 
multi quantum well structure of alternating quantum well layers of GalnP or InAIGaP and 
further barrier layers of InAIGaP. The multiquantum well structure may also be surrounded 

25 by further barrier layers of InAIGaP, but is preferably surrounded by separate confinement 
layers of InAIGaP. In that case the starting current of a diode according to the invention is a 
minimum, so that it is highly suitable for applications where a high output power of the 
diode is desired. For the same reason the quantum well layers are preferably given a 
mechanical stress caused by a lattice constant different from that of the substrate. A tensional 

30 stress in the quantum well layers makes the emission wavelength of the diode lower. Not 
only a high power, but also a wavelength which is as small as possible is necessary for the 
application mentioned above of a radiation source in a system of optical discs which can be 
read and/or written. A small wavelength allows of a system with a high information density. 
Particularly favorable results are obtained with a diode whose active layer comprises two 
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Fig. 1 shows a first and a second embodiment of a diode according to the 
invention, here in the form of a diode laser, in a diagrammatic cross-section perpendicular to 
the longitudinal direction of the resonance cavity. The diode comprises a semiconductor body 
10 with a substrate 11 of a first, here the n-conductivity type comprising monocrystalline 
5 GaAs in this example and provided with a connection conductor 9. A semiconductor layer 
structure is provided thereon, in this example comprising a buffer layer 12 of n-AIGaAs, a 
first cladding layer 1 of n-InAlGaP, an active layer 2 of InOaP and InAlGaP, a second 
cladding layer 3 of p-InAlGaP, a third cladding layer 5 also of p-lnAIGaP, an intermediate 
layer 14 of InGaP, a transition layer 6 of InGaP, and a contact layer 7 of p-GaAs. A pn 

10 junction is present between the first cladding layer 1 and the second cladding layer 3. The 
intermediate layer 14 here serves inter alia as an etching stopper layer during the formation 
of the strip-shaped mesa 20 which comprises the third cladding layer 5 and the transition 
layer 6. On either side of the mesa 20 and between the intermediate layer 14 and the contact 
layer 7 there is a current-blocking layer 15 of n-GaAs here. A strip-shaped active region 

15 arises below the mesa 20 in the active layer 2 during operation. Two end faces of the 

semiconductor body 10 bounding the strip-shaped active region and acting as mirror surfaces 
for a resonance cavity of the laser-type diode here lie parallel to the plane of drawing. The 
diode in this example is of the index-guided and BR (= Buried Ridge) type. The electrical 
connection of the pn junction situated between the first and the second cladding layer 1 , 3 is 

20 effected through connection conductors 8, 9 on the contact layer 7 and the substrate 1, 
respectively. 

Figs, 2 and 3 diagrammatical ly show the semiconductor layer structure 
and the gradient of the conduction band in the thickness direction (z) in the surroundings of 
the active layer 2 of the diode of Fig. 1. The active layer 2 here comprises a multi quantum 

25 well structure with two quantum well layers 2A which are separated from one another by a 
further barrier layer 2B and are surrounded by two separate confinement layers 2C. Between 
the active layer 2 and the first or second cladding layer 1,3, here the second cladding layer 
3, there is a barrier 4 A (see Figs. 1 to 3) for charge carriers which has a greater bandgap 
than the relevant cladding layer 1, 3, so here than the second cladding layer 3. 

30 According to the invention, the barrier 4A is formed by only a single 

barrier layer 4 made of AlP. In contrast to a MQB barrier, which only functions 
satisfactorily when the charge carriers from the active layer 2 are coherent, which is found to 
be not the case in practice, a barrier 4 A comprising a single barrier layer 4 does operate 
excellently, provided it is made from AlP. Firstly, such a barrier layer 4 results in a major 
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The width of the mesa 20 is 5 /im. The length and width of the 
semiconductor body 10 and the length of the mesa 20 are approximately 500 ^m. The 

20 conductive layers 8, 9 are of usual thickness and composition. The emission wavelength of 
the diode of this embodiment is 635 nm. The manufacture of the diode by a method 
according to the invention will be described below. 

Figs. 4 to 6 diagrammatically show the diode of Fig. 1 in consecutive 
stages of its manufacture by a method according to the invention. In a first growing process 

25 (see Fig. 4), the layers 12, 1, 2, 4, 3, 14, 5 and 6 are provided in that order on a substrate 
1 1. MOVPE (= Metal Organic Vapor Phase Epitaxy) is used for this. The materials, 
compositions, and thicknesses according to the invention are chosen for these layers, see the 
Table above. More in particular, a barrier layer 4 of AlP is provided according to the 
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1. A radiation-emitting semiconductor diode with a semiconductor body (10) 

comprising a substrate (1 1) of a first conductivity type and preferably made of GaAs and 
with a semiconductor layer structure situated thereon and comprising at least a first cladding 
layer (1) of the first conductivity type and made of InAlGaP or InAlP, a second cladding 

5 layer (3) of a second conductivity type opposed to the first and also made of InAlGaP or 
InAlP, and between the first and second cladding layers (1, 3) an active layer (2) of InAlGaP 
or InGaP and a pn junction which, given a sufficient current strength in the forward 
direction, is capable of generating electromagnetic radiation through recombination of charge 
carriers in a strip-shaped active region forming part of the active layer (2), the first cladding 

10 layer (1) and the second cladding layer (3) being connected to connection conductors (8, 9), 
while a barrier (4A) for the charge carriers is present between the active layer (2) and the 
first or second cladding layer (1, 3), which barrier has a greater bandgap than the first or 
second cladding layer (1, 3), characterized in that the barrier (4A) is formed by only a single 
barrier layer (4) comprising AlP. 

15 2. A radiation-emitting semiconductor diode as claimed in Claim 1, 

characterized in that the barrier layer (4) has a thickness smaller than 5 nm. 
3. A radiation-emitting semiconductor diode as claimed in Claim 1 or 2, 

characterized in that the barrier layer (4) has a thickness which is approximately equal to 
2.5 nm. 

20 4. A radiation-emitting semiconductor diode as claimed in Claim 1, 2 or 3, 

characterized in that a barrier (4A) in the form of a single barrier layer (4) is present 
exclusively between the active layer 2 and that cladding layer (3) which is of the p- 
conductivity type, 

5. A radiation-emitting semiconductor diode as claimed in any one of the 

25 preceding Claims, characterized in that the barrier layer (4) is present within a distance from 
the active layer (2) equal to the diffusion length of the charge carrier. 

6. A radiation-emitting semiconductor diode as claimed in any one of the 
preceding Claims, characterized in that the active layer (2) has a multi quantum well 
structure (2A, 2B) of alternating quantum well layers (2A) of InGaP or InAlGaP and further 
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(54) TlUe: RADIATION-EMITTING SEMICONDUCTTOR DIODE. AND METHOD OF MANUFACTURING SAME 
(57) Abstract 

The invention relates to a 
radiation-emitting semiconductor 
diode in the InGaP/InAlGaP ma- 
terial system having a barrier (4A) 
for charge carriers situated be- 
tween the active layer (2) and one 
of the cladding layers (1.3). Such 
a diode has an emission wave- 
length between 0.6 and 0.7 /im 
and is particularly suitable, when 
constructed as a diode laser, for 
serving as a radiation source in. 

.for example, a system for read- 

' ng and/or writing of optical discs. 
,tlso because of an increased ef- 

/ficiency. A disadvantage of the 
known diode is that it is still in- 
sufficiently capable of providing 

^ a high optical power, and that it 
cannot be manufactured with a 
high yield and a satisfactory re- 
producibility. In a diode accord- 
ing to the invention, the barrier 
(4A) comprises only a single bar- 
rier layer (4) of AlP. Such a diode 

is found to have a surprisingly high efficiency as well as a particulariy long useful life. The efficiency of the diode is approximately 30 
% higher than that of a comparable diode without a barrier layer (4). The life of a diode according to the invention is very long, for 
example. 4.000 hours. Since the problem of controlling the composition of the barrier layer (4) is nonexistent in providing the AlP, the 
diode according to the invention can be manufactured with a good reproducibility and high yield. The AIP barrier layer (4) preferably has 
a thickness smaller than 5 nm, for example 2.5 nm. It is highly suprising that such a very small thickness of the barrier layer (4) is still 
accompanied by an excellent effectiveness as a barrier (4A). 
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